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A satellite, adapted to spin about an axis, having an- 
tenna elements for communicating with a remote body 
and a beam collimator rotatable with respect to the spin 
laxis. The beam collimator is rotated at the same rate and 
in the opposite direction as the spin of the satellite to pro- 
vide a directional beam stationary in space. Ejection ap- 
paratus enables the collimator to be jettisoned in event of 
rotational malfunction so that an omnidirectional beam 
may be provided about the spin axis. Signal processing 
circuitry operating in conjunction with the antenna ele- 
ments provides information concerning the attitude of 
the satellite. 

The invention described herein may be manufactured 
land used by and for the Government of the United States 
of America for Governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

The present invention relates in general to communica- 
tion satellites, and more particularly to an improved an- 
tenna system for providing a directive field pattern and 
attitude sensing of spin stabilized communication satel- 
lites. 

In a communication network utilizing one or more 
communication satellites orbiting the earth or in any suit- 
able space trajectory it is desirable that the field pattern 
of the satellite antenna system be high directive, that is, 
provide a unidirectional beam as a solid volume that may 
be directed towards a specific point. This point may be 
la selected area of the earth for earth-to-satellite com- 
munication, or another satellite for satellite-to-satellite 
communication. By utilizing such a beam, the spacecraft 
communication system may be enhanced by providing 
a high gain figure for the up-link receiving system as well 
as providing maximum effective radiated power density 
for the down-link transmitting system. One particularly 
successful type of communioation satellite utilizes a spin 
stabilized spacecraft, that is, one which spins about an 
laxis perpendicular to a line from the earth or some other 
reference point as the spacecraft traverses its orbit. Ad- 
vantageously such la communication satellite may be 
maintained in a synchronous orbit to remain stationary 
relative to the earth, and when equipped with a unidirec- 
tional antenna system so as to provide la conical beam 
(e.g., 18” wide at the 3 db points) over the earth, pro- 
vides an effective and efficient communioation link with 
selected areas of the earth. It is also possible, by utilizing 
a larger antenna aperture to produce a conical beam less 
than 18”, and by redirecting the spin axis of the satellite 
when in orbit, to provide a communication Bink with 
other areas of the earth and with other satellites. 

Although spin stabilization greatly simplifies the orien- 
tation system of the satellite, it introduces additional 
problems with respect to the iantenna system. Thus, in 
order to provide a unidirectional antenna field pattern 
directed towards a specific point it is necessary to rotate 
the antenna pattern counter to the spin of the spacecraft 
and at the same ‘angular velocity. 

In present antenna systems for spin stabilized com- 

munioation satellites the above problem is obviated by 
utilizing a radiation pattern that is omnidirectional around 
the spin axis and directive parallel to  the spin axis, or by 
providing a conical beam perpendicular to the spin axis 

5 by disposing a number of spaced radiating elements cir- 
cumferentially around the spin axis, and causing counter 
rotation of the beam so thfat it remains stationary in space. 
A spin stabilized communication satellite utilizing a coni- 
cal beam is described in an article entitled “xdvanced 

10 Syncom,” SpaodAeronautics magazine, September 1963. 
In such #a system the beam is rotated by electrically con- 
trolled phase shifters that vary excitation phase of the 
array synchronously with the spin of the satellite to oause 
counter rotation at the same angular velocity. The con- 

15 trol electronics for rotating the beam of such systems are 
complex and the number of components required greatly 
decrease the reliability. I t  is apparent that in a practical 
operating communication system high reliability is re- 
quired, and since it is necessary that the satellite operate 

20 unattended for a number of years, it is desirable to mini- 
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mize the number of electronic components that may be 
a cause of malfunction. It is also desirable, in the event 
of failure of the control electronics for rotating the beam, 
that the (antenna system will continue to function as an 
omnidirectional antenna with reduced gain so that all 
communication with the satellite is not lost. In the par- 
ticular instant where phase shifters feeding each radiating 
element lare electrioally controlled omnidirectional opera- 
tion is difficult to achieve in that i t  requires the current 
to all phase shifters be identical or be zero. 

In addition, present systems utilizing electrically con- 
trolled phase shifters to feed an array of radiating ele- 
ments are frequency sensitive, with each array (for either 
transmitting or receiving) and its ‘control electronics 
adapted to operate at a fixed kequency and narrow band- 
widths. The frequency cannot be conveniently modified 
to either transmit or receive at other frequencies without 
corresponding modifioation of the spacing of the radiating 
elernents and of the phse shifters feeding the elements of 
the array. Thus, since in present and proposed communi- 
cation satellite systems the signal is received at one fre- 
quency and retransmitted at another frequency, the uni- 
directional pattern is utilized only in conjunction with 
the transmitting ,antenna, with a separate omnidirectional 
receiving antenna being used. 

As a further consideration, any antenna system should 
also have utility in conjunction with the attitude sensing 
and control system of the satellite. Thus the elements of 
the array producing a unidirectional beam should prefer- 
ably be sensitive to the polarization, phase angle, or some 
other characteristic of a received radio frequency signal 
to provide information indicative of the attitude of the 
satellite or its spin axis with respect to the earth or some 
other reference point that may be telemetered to the earth 
or supplied to the satellite stabilization and attitude con- 
trol systems. 

It is therefore an object of the present invention to 
provide a simple, reliable and light weight antenna sys- 
tem for a spin stabilized communication satellite that pro- 
duces a unidirectional field pattern in the form of a 
conical beam, and wherein the beam pointing is controlled 
by apparatus on board the satellite or alternately from 
ground signals to position the beam upon command. 

A further object of the present invention is to provide 
a unidirectional antenna system for a spin stabilized com- 
munication satellite operable at different widely separated 
freauencies and for simultaneous reception and transmis- 
sion of information from and to the earth and other 
satellites. 

Another object of the present invention is to provide a 
unidirectional transmit-receive antenna system for a spin 
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stabilized communication satellite, which antenna system frequency signal, to provide an indication of spacecraft 
may also be utilized to determine the attitude of the spin attitude in the elevation plane with respect to the radio 
axis of the satellite. frequency signal axis. The sum channel also functions as 

Stiu another object of the present invention, in a an- a communication channel to receive information from 
tenna system which produces a directive, high gain de- 5 the ground station or other satellites. Additional radiat- 
spun field pattern for a spin stabilized spacecraft, is to ing elements may be disposed on opposite sides of the 
provide a fail-safe arrangement which results in an omni- radiating elements that are coextensive with the satellite 
directional medium gain antenna field pattern in the event spin axis to provide an indication of spacecraft attitude 
of failure of the despin mechanism. in the azimuth plane. This arrangement allows the same 

Further objects, as well as the features and attending 10 basic antenna system providing the unidirectional despun 
advantages of the present invention will become apparent beam for the communication channel of a spin stabilized 
from the following description when taken in conjunction satellite to also provide information indicative of satellite 
with the accompanying drawings, in which: attitude in both the azimuth and elevation planes. 

FIGURE 1 is a perspective view illustrating the com- In accordance with a further aspect of the invention a 
munication satellite of the present invention; 15 number of additional radiating elements may be stacked 

FIGURES 2 aiid 3 are elevational views, in partial sec- coextensive wtih the satellite spin axis and the height of 
tion, illustrating the antenna system and the ejection mech- the beam collimator extended so that additional channels 
anism therefor in accordance with the present invention; for independent transmission and/or reception at differ- 

FIGURE 4 is a schematic circuit diagram illustrating ent widely separated frequencies may be provided for by 
typical control electronics for the antenna turntable drive 20 the same basic antenna system, 
motor of the present invention; Referring now to FIGURE 1 there is illustrated a space 

FIGURE 5 is a representation of the antenna field pat- vehicle, such as satellite 10, in earth orbit. Although the 
tern in the azilnuth plane in accordance with the present invention is not so limited, satellite I@ may, for example, 
invention; be in synchronous orbit, i.e., in orbit around the equa- 

FIGURE 6 is a representation of the antenna field pat- 25 torial plane of the earth and traveling in the same direc- 
tern in the elevation plane in accordance with the present tion and at the same angular velocity as the earth does 
invention; in rotating about its axis. In such an orbit, satellite I@ 

FIGURE 7 is a schematic representation of an embodi- remains stationary over a selected geographical area of 
ment of the present invention for providing attitude sens- the earth. TO provide attitude stability satellite ID IS 
ing in two orthogonal planes; 30 adapted to spin at an angular velocity about its own 

FIGURE 8 is a representation, in a perspective view, axis 111 as it tranverses its orbit. For a synchronous orbit 
of the antenna field patterns produced by the embodiment in the equatorial plane spin axis BP is parallel to earth’s 
of the invention of FIGURE 7. rotational axis and for other orbits spin axis 11 may be 

In accordance with one aspect of the present inven- perpendicular to the orbital plane. In addition, satellite 
tion a primary antenna including one or more radiating 35 10 may be utilized to provide a spin axis fixed in inertial 
elements for each receive and transmit channel is rigidly space, either in orbit or as a deep space trajectory. Tech- 
fixed coextensive with the spin axis of a spin stabilized niques for placing satellite 110 into orbit, for spinning it 
spacecraft. A beam collimator such as a cylindrical para- about its axis, and for orientating this spin axis relative 
bolic reflector is positioned circumferentially from the to the earth are known and in detail form no part of the 
radiating elements and adapted to rotate about the spin 40 present invention. 
axis. The radiating elements provide beam directivity in Disposed on one end surface 15 of satellite PO is motor 
the elevation plane and the beam collimator provides di- 16 and a turntable 18, providing rotatable support for 
rectivity in the azimuth plane. A motor rotates the beam antenna system 20. Motor 116 is shown as external to 
collimator at a rate synchronous with the spacecraft spin Spacecraft 10 for clarity of illustration. However, as 
rate and in an opposite direction to effectively despin the 45 shown in more detail in FIGURES 2 and 3, motor 36 may 
antenna field pattern. Synchronization of the rotation of a h  be positioned within spacecraft IO .  Antenna system 
the beam collimator with the spacecraft spin rate is 20, in turn, includes center mast 22 having a number of 
achieved by a control circuit responsive a spacecraft ref- Primary antennas 24 and 26 disposed thereon, reflector 
erence such as a sun line. In addition, the rotation of the 28 and Parasitic radiators 29. Reflector 28, a cylindrical 
beam collimator may be controlled by a telemetered com- 50 parabolic reflector in the embodiment shown, functions to 
mand signal to enable earth station control of the antenna collimate the field pattern of the primary antennas in the 
beam position independently of spacecraft reference and/ @ O r  azimuth plane. Parasitic radiators 29, the use of 
or during satellite solar eclipses or failure of the sensors which is optional, provide increased efficiency and di- 
providing the sun line. rectivity by redirecting energy back into reflector 28. They 

In accordance with another aspect of the invention, the 55 also provide a counter weight for reflector 28 and in- 
beam collimator that rotates about the radiating elements crease mechanically rigidity. Center mast 22 is rigidly 
of the primary antenna is provided as a single separable secured to spacecraft IQ and extends through turntable 
unit that is readily separated from the spacecraft. This 18, coextensive with spin axis 11. 
unit may be ejected by pyrotechnic devices and the like Primary antennas 24 and 26 each include one or more 
upon failure of the drive motor and/or associated control 60 radiating elements position& coextensive with spin axis 
electronics providing rotation about spacecraft spin axis, 11 and adapted to provide directivity in the e or elevation 
or upon command telemetered from a ground station. The plane. Each radiating element may be considered as being 
collinear radiating elements remain fixed to  the space- a discrete radiator equivalent to a line Source aperture. 
craft to provide a medium gain antenna in the azimuth For the purpose of illustration two half-wave, center fed 
plane providing an omnidirectional field pattern about the 65 dispoles, 24a, 246 and 26a, 26b, are shown as a oollinear 
spacecraft spin axis. array Of radiating elements for primary antennas 24 and 

In accordance with a further aspect of the invention in- 26, respectively. It is to be understood, however, that 
dividual radiating elements of one or more selected pri- other radiating elements may be used, with spacing and 
mary antennas are fed to sum and difference channels 7o phasing of feed currents selected to provide directivity in 
that combine signal components received therefrom. The the elevation plane. Each primary antenna 24 and 26, and 
sum channel provides a radio frequency signal axis be- the elements thereof, may be adapted to operate at dif- 
tween the satellite and a remote point on the earth. The ferent frequencies. Although two primary antennas are 
difference channels produce error signals, derived from shown, any number may be stacked on center mast 22, 
the difference in phase or amplitude of a received radio 75 with each operable at a different frequency, to supply sep- 
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arate channels for satellite . In addition, since recip- oint that mast 22 is rigidly 
rocity applies, each primary antenna may be used for secured to spacecraft 10 and extends coaxially through 
either transmission or reception of radio frequency tube 43 coextensive with spin axis 11, with the upper end 
signals. of mast 22 providing support for the radiating elements 

Reffector 28 has one end mounted on turntable 18. AI- 5 such as elements 24u, 24b and 26a, 26b that make up pri- 
though shown as a circular disc, turntable 18 may be of mary antennas 24 and 26. In addition, mast 22 itself is 
other shapes, and may have portions removed to reduce hollow SO that transmission lines 53 and 55 may be thread- 
weight and rotational inertia. In instances where parasitic ed therethrough to provide R F  feed for the radiating 
radiators 29 are not used, the side of turntable 18 opposite dements of primary antennas 24 and 26. By this arrange- 
to reflector 18 may be provided with a counter weight for ment it is possible to provide R F  feed for any desired num- 
balancing, and a non-reflection rod such as rod 27 may lo ber Of radiating elements on mast 22 without the m e  Of 
be utilized to provide additional mechanical rigidity. Para- rotary electrica1 joints. 
sitic radiators 29, which may be resonantly tuned cylindri- Considering further the manner in which the two halves 
cal reflectors, are disposed on rod 217, with one end of of turntable 28 are ejected, explosive release bolts 56a and 
rod 27 also mounted on turntable 18. The other end of 15 56b are utilized to  hold the two halves 18a and 18b in 
both reflector 28 and rod 27 is joined to bearing 31 by Position. One end Of each of bolts 56a and 56b is secured 
support members 33. Bearing 31, in turn, is supported by to respective Ones of turntable halves 18a and P8&. The 
center mast 22. This arrangement provides a unitary 0 t h  end of each of bolts 55a and 56b terminates in a 
reflecting structure, including turntable 18 with cylindri- Pyrotechnic Squib, 57a and 57b, respectively. These squibs 
cal parabolic reflector 28 and parasitic radiators 29 20 are mounted on pancake-type coil 58, which coil is posi- 
mounted thereon, that is rotatable about primary anten- tioned COaiallY around and secured to tube 43. Coil 5s 
nas 24 and 26 on center mast 22. Rotation of turntable forms the secondary winding of a transformer by which 
18 is provided by the operation of motor 16 in conjunc- A-C energy is coupled to the series-connected squibs 57a 
tion with the associated control electronics 36. As will be and 5Ib. Thus turntable 18 is effectively bolted to shaft 
subsequently described, mntrol electronics 36 responds 25 43 by explosive release bolts %a and 566, and rotates 
to timing reference pulses generated by solar Sensor 34, freely with shaft 43 at the speed of motor 86. 
located on the periphery of surface 15 of satellite 10, to Ejection springs 59, and 59b are disposed around bolts 
generate suitable wave forms for motor 16 to cause turn- and 5% and maintained under compression be- 
table 18 and hence reflector 28 and parasitic radiators 29 tween shoulder 61 extending from conical receptacle 
to rotate at the same angular velocity and in the opposite 30 45 and *e undersurface Of turntable 18. In addition, 
direction as the spin of satellite Id). one O r  more springs 63 are coupled between turntable 

The combined effects of the collinear elements of pri- and 18b and maintained under compression. 
mary antenna 24 and the rotation of cylindrical parabolic A second Pancake-tYPe C o i l  6% providing the primary 
reflector 28 and parasitic radiator 29 provides a field pat- winding Of a transformer, is mounted on motor frame 
tern in the form of a unidirectional beam along radio 35 499 separate from coil §8. Coils 58 and 
frequency signal axis 38. A similar pattern is also pro- 64 provide transformer action S O  that energizing coif 
vided for antenna 26. Primary antenna 24, including its 64 with an A-C O r  Pulse voltage wave induces a voltage 
collinear elements 24a and 246, may be utilized as a trans- in 58. This induced voltage, in turn, is supplied to 
mitting antenna at one frequency (for example, 6 gc.), squibs 57a and 57b, conneced in series across coil 58. 
and primary antenna 26, including collinear elements 26a 40 These squibs, for example, may contain a filament wire 
and 26b, may be considered a receiving antenna at a and charge which, when ignited, shears bolts 
second frequency (for example, 4 gc.). 56a and 56b. Thus to eject turntable halves k8a and 1$b, 

FIGURES 2 and 3 illustrate antenna system 20 and reflector 28 and Parasitic radiators 29, a volt- 
motor 16 in mope detail, alld show fie manner in which age is to Coil 44 to induce an igniting voltage in 
two halves of turntable 18, one carrying reflector 28 and 45 58. When bolts and are sheared, springs 
the other carrying parasitic radiators 29 if used, may be 59a and 5% eject turntable halves B8a and 18b coaxial- 
ejected in the event of failure Of the rotational control lY along center mast 2. Concurrently springs 63 sew- 

tinue to function as n l d i m  gain omnidirectional an- mast 22 and provide an outward force. Turntable halves 
5o 1 8 ~  and 18b received an initial separation velocity SO tennas. 

Turntable 18 is split into two halves 1ga and 186 that they drift free Of satellite 19, and primary anten- 
through its center of rotation. Each half and 18b has nas 24 and 26 Operate as medium gain antennas omni- 
a tapered locating flange, 4 l a  alld 41b, respectively, directional in rhe azimuth Plane, with directivity in the 
adapted to extend into mating conical receptacle 45 on the plane provided by the Collinear radiating de-  
end of tube 43 when turntable IS is in position. Tube 43 55 ments 
is secured to and extends coaxially through rotor 46 of The for controlling the speed of 
motor 16. Preferably, but not limited to, motor 16 is a motor I6 synchronously with fie spin of satellite I@ 
synchronous motor having a permanent magnet rotor and is shown in FIGURE 4. Reference pulses, idca t ive  of 

the satellite spin rate, are produced by solar sensor 34. a stator having two or more sets of windings to produce a QPicallY solar sensor 34 includes photosensitive ele- rotating field when energized by phased sine waves or 60 ments such as sulfide or silicon cells, ~uitably square wave pulse trains. The significant fact is that the masked to provide an electrical response ?Nhen s,un- 
speed of motor 16 is in synchronism with periodic signals light passes through a Thus a pulse 
applied to its stator windings. Bearings 47 provide rota- is produced for every crossing of sun line with the 
tional support between the ends of tubing 43 and frame 49 number of pulses ~t per unit time indicative of the spin 
of motor 16. Frame 49 also houses Stator windings 51 of rate of satellite PO. Alternately an infra-red (IR) sen- 
motor 16. Preferably, and as previously mentioned, motor sor may be positioned on satellite PI to provide a pulse 
16 may be contained within spaceoraft 10, and to this for every crossing of the earth-sky interface, or an anten- 
end the top of frame 49 is secured to surface 15 SO na (such as a simple horn) may be positioned SO that in 
that the body of motor 16 extends therebelow. In this conjunction with a radio frequency receiver a pulse is 
instance the lower end of mast 22 extends through tube produced for every crossing of a signal axis extending 
43 and is secured to a 'bulkhead 1% or a similar support between satellite PO and a ground station. 
member located within spacecraft PO. Thus rotor 46, tube The output of solar sensor 34 is coupled to the input 
43, conical receptacle 45, and the two halves 18a and 18b of frequency lock loop 66, w z c h  loop generates a 
of turntable 18 rotate when motor 16 is energized. 75 train of square wave pulses of frequency 29 precisely 

It should be noted at thi 

electronics so that primary antennas 24 and 26 may con- rate $a and 18b radially from center 
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related by a whole number to the number of pulses n number of pulses per revolution of turntable 18 as pro- 
per unit of time produced by solar sensor 34. As will duced by frequency lock loop 66 for one revolution of 
be subsequently described, if the spin rate of satellite satellite BO. The output of shaft enocder 73 is fed to 
10 changes from n to nl the output of frequency lock digital comparator 74. This circuit compares the output 
loop 66 changes to  frequency (2n)I. Typically frequency 5 of shaft encoder 73 (indicative of the speed of rotation 
lock loop 66 includes a chain of multivibrator circuits of turntable 18) and the output of frequency lock loop 
67, discriminator 68, and voltage controlled oscillator 66, and produces an output pulse having a polarity indica- 
69. Suoh circuits and the components thereof are of the tive of the difference therebetween. This pulse is applied 
m e  utilized in computing and telemetry systems, and to synchronizer 70. Synchronizer 70 includes adder and 
in detail from no part of the invention. lo inhibit circuitry so as to permit the addition or subtraction 

The output of frequency lock loop 66 is fed to syn- of pulses to the square wave pulse train generated by fre- 
chronizer 70 and thence to phase shifting network 71. quency lock loop 66 to advance O r  retard the rotor of 

70 supplies a square motor 16 in a direction to lock output of shaft encoder 
wave pulse train in synchronism with the output of fre- 72 to the Output of frequency lock loop 66. Thus there is 
quency lock loop 66. Phase shifting network 71, which 15 provided a closed loop system that compensates for varia- 
may include suitable R-L-C circuits, divides the output tions in the speed Of motor 16 and for slippage or 
of synchronizer 90 into trains of the Same "dropped" pulses in the control of motor 16 so that the 
frequency and in phase quadrature with one another. rotation of turntable 18 may be precisely locked to the 
These bi-phase signals (90" phase difference) are am- spin rate Of sateuite Bo. 
plified by linear amplifiers 7za and 72b and supplied to 20 Provision is also made to compensate for the rotation 
motor 16. mentioned, motor 16 may be a two-phase of the earth about its own axis by advancing the rotor of 
synchronous motor energized by &phase pulse trains. motor 16 one revolution per day. To this end clock source 
By way of example, motor 16 may have a 64-tooth rotor 79 genefates a specified number of pulses per day (i.e. 
and a 64-tooth stator. When energized with a square wave 256 Pulses Per day to affect a 360" rotation of the rotor 
pulse train the rotor will one-quarter tooth width 25 of motor 16). These pulses are added to discriminator 68 
for every square wave pulse, requiring 256 pulses to  ef- to thereby increase the control voltage supplied to voltage 
feet 360" rotation of the rotor. This particular type motor controlled oscillator 69 and hence increase the frequency 
thus provides a 4-to-1 electrical c$geafingqv ratio for thereof a corresponding amount. This results in a like in- 
vernier control. It is to be understood that motor 16 may crease in the output square wave pulse train of frequency 
also be energized by sinusoidal waveforms; however, the 30 lock loop 66 to advance the rotation of motor 16 one revo- 
digital control circuitry shown utilizes known design lution Per day. In addition, pulses may be added or sub- 
techniques, is easily implemented, and is relatively in- tracted to discriminator 68 in response to a ground com- 
sensitive to  environmental conditions. mand signal transmitted to command receiver 80. The 

Considering further frequency lock loop 66, the bi- number of pulses from command receiver 80 wilI increase 
stable multivibrator circuits designated at 67, which may 35 or decrease the control voltage supplied to voltage con- 
be comprised of a plurality of multivibrator flip-flops trolled oscillator 69 by discriminator 68 to effectively ad- 
connected as a counter chain in a known manner, are vance or retard the positioning of the rotor of motor 16. 
-set" or synchronized Once each cycle of the spin of This arrangement enables a ground command signal to 
satellite 10 by the output of solar 34. The multi- be utilized for initial positioning and for subsequent cor- 
vibrator flip-flops of the counter chain are then sequen- 40 rections Of the alignment or positioning Of the rotor Of 
tially triggered by the output of voltage controlled motor 16. Thus, for example, every Pulse added or sub- 
oscillator 69 to supply a square wave pulse train to syn- tracted by ground command will advance or re tad  the 
chronizer 70 and thence to phase shifting network 71. rotor of motor 16 and hence the positioning of turntable 
The output of the bistable multivibrator ,circuits 67 is 18 approximately 1.4". In addition, the ground command 
also fed to discriminator 68, and the output of discrimi- 45 signal may be utilized to provide control for the output 
nator 68 is supplied to voltage controlled oscillator 69. of frequency lock loop 66 in the event the Output from 
Discriminator 68 which may be a frequency discriminator solar sensor 34 is lost, or during eclipse of the space- 
of known type, produces a vector output signal that is craft by earth position- 
supplied as an analog control voltage to voltage con- An A-C power source 74, such as a triggered oscillator, 
trolled oscillator 69. When the output square wave pulse 50 is Coupled to coil 64 to provide energy for igniting squibs 
train of multivibrator circuits 67 is related to the spin 57a and 576 (FIGURES 2 and 3 )  for ejecting turntable 
rate of satellite BO by a specified whole number (i.e. 256 18 from satellite Under normal operation power 
pulses per revoIution) the frequency lock loop is con- source 77 is electrically inactivated, with squibs 57a and 
sidered to be -in lock" and the output of discriminator 576 ignited if rotation failure of turntable 18 occurs or 
6% is at a reference level. Under these conditions there 55 upon ground command. Since the satellite is continuously 
is no change in the frequency of voltage controlled oscil- telemetering information to a ground command station 
lator 69. If there is a change in the spin rate of satellite indicative of its operating conditions, a malfunction of 
10 and hence the number of pulses per unit tirne provided motor 16 and/or its associated control electronics may 
by solar sensor 34 there is also a change in the output be determined and squibs 57a and 576 may be ignited 
square wave pulse train of multivibrator circuits 67 that 60 from the ground by command. Thus the oscillator of sig- nal source 77 may be triggered by fail-safe logic network is reflected in the output of discriminator 68 in terms of 78, with logic network 48 responsive to a predetermined both amplitude and polarity with respect to its reference condition of the output of amplifiers 72a and 72b that level, and this produces a corresponding change in the indicates improper operating levels or a malfunction 
frequency of voltage controlled oscillatm 49. As the re- 65 in the control electronics for motor 116, or responsive to 

brought into lock and the output square wave pulse train command receiver $8. 
of multivibrator circuits 47 is again related to  the spin The resulting antenna pattern produced by one of tne 
rate of satellite 10 by the same specified whole number primary antennas (such as primary antenna 24) of an- 
(Le. 256 pulses per revolution). 70 tenna system 20 of FIGURE 1 is illustrated by FIG- 

In order to provide precise control of the position of URES 5 and 6. FIGURE 5 is a top view showing the 
turntable 18 shaft encoder 73 may also be mechanically resulting &spun beam in the 9 or azimuth plane. The 
coupled to the rotor of motor 16 to  produce a reference beam width in this plane is related to the physical aper- 
pulse and a square wave pulse train for each revolution ture dimension D ( in wavelengths) such that 9 at the 3 
thereof. Typically shaft encoder 73 may produce the same 75 db points is approximately 69(h/D) degrees. FIGURE 

normal operation 

Of this action the frequency lock loop is again a signal transmitted from the ground and received by 



3,341,151 
11 

6 is a side view showing both the resultant beam and the elements are indicated by Al, A2 and AS, A4 respectively. 
contributions thereto by collinear radiating elements 24a From the resulting antenna field patterns shown in FIG- 
and 24b of primary antenna 24 in the e or elevation URE S it may be seen that the total antenna field pattern 
plane. The beam width in this plane is determined pri- Z is comprised of lobes E, E1 in the e (elevation) plane 
marily by the number of collinear radiating elements and lobes, A, A1 in the + (azimuth) plane. 
utilized for each primary antenna. It is to be understood ' Radiating elements El and Ez, Al and Az, and A3 and 
that each primary antenna, including the collinear radi- A4 respectively, are coupled to hybrid network 88 and 
ating elements thereof, are selected to operate at a given thence to sum channel 90 and to error channels 92 and 
frequency and may be used for either transmission or 94. Sum channel 90 receives and adds the signal c o m p -  
reception. Although only primary antenna 24 is illus- nents from all radiating elements and thus provides a 
trated, the same pattern is obtained for primary antenna data channel. Error channels 92 and 94 receive signals 
26, and for other antennas which may be stacked on only from the additional radiating elements Al, Az and 
center mast 22. FIGURE 6 also illustrates the manner in AB, A4 Phasing in hybrid network 88 and difference chan- 
which a primary antenna, including the collinear radi- nel 94 is such that it provides a signal indicative of the 
ating elements thereof, may be utilized in conjunction difference between lobes E, El  in the elevation plane. 
with a received data channel to provide an error signal l5 Thus an error signal is provided in two orthogonal planes, 
indicative of the attitude of the spin axis of satellite 10 which signal is zero in both planes when the attitude of 
relative to a reference axis provided by R F  signal axis 38. satellite 110 is orientated with respect to a reference pro- 

Also shown in FIGURE 5 is the angle m between the vided by R F  signal axis 38. Deviation of the attitude of 
RF signal axis 38 and the sun line 39, established by Satellite 10 from a prescribed Orientation with respect to 
solar Sensor 34 Once during each revolution of satellite 2o R F  signal axis 38 provides an error signal in either azi- 
10. When satellite 10 is in orbit angle a is maintained by muth or elevation Plane which may be supplied to the 
the synchronous operation of motor 16 in response to satellite stabilization system or telemetered to a ground 
the square wave train pulses produced by frequency lock cmmxd station for Corrective action. 
loop 66, with the pulse produced by solar sensor 34 pro- 25 The invention provides, therefore, an improved antenna 
viding a reference signal for sun line 39. Initial posi- system for producing a directive field pattern and attitude 
tioning of turntable 18, and hence reflector 28, to estab- sensing of a spin stabilized communication satellite. While 
lish R F  signal axis 38 in the azimuth plane, is provided specific embodiments have been described with particular- 
by transmitting command pulses to command receiver ity, it should be obvious to those skilled in the art that 
$0 to be supplied to frequency lock loop 66 to advance 30 modifications and variations thereof may be resorted to. 
or retard the position of the rotor or motor 14 by small For example, instead of a reflective beam collimator, a 
angular increments. As noted, for example, with satellite transmissive collimating aperture (Le., dielectric lens) 
BO spinning at 100 r.p.m. and with frequency lock loop may be used. In this instance the beam is collimated in 
66 producing 256 pulses per revolution, this increment the azimuth plane by permitting the primary antennas 
is approximately 1.4" per pulse added or subtracted. In 35 to transmit through the collimator, with the function 
addition, it is possible to subsequently vary angle a and Of the parasitic radiators remaining the same. In addition, 
thus re-direct R F  signal axis 38 to a different point on the shaped beam in the elevation plane may be displaced 
earth or towards other satellites by command pulses from a position normal to the aperture by phase shifting 
transmitted to command receiver 88. and signal processing techniques and the use of phase 

FIGURE 6 the antenna pattern in the e or 40 controlled matrices to provide a two dimensional steer- 
and the "difference" ing of the undirectional beam. Other drive means than the 

pattern indicated by lobes El and E2. Radiating elements synchronous motor and the control electronics therefor 
~4~ and 24b are coupled, via hybrid networks 82, to sum specifically described may be utilized to rotate the beam 
channel 84 and error channel 86, respectively. Hybrid net- collimator a t  the Same angular velocity and in the oppo- 
work $2 may, for example, be a conventional hybrid 45 site direction as the spin rate of the spacecraft. For ex- 
with in-phase connection for the sum pattern and anti- ample, a system for providing sine and cosine signals of 
phase connection for the difference pattern, such that a frequency related to spacecraft spin rate, substantially 
signals in sum channel 84 add and in channel as described in the aforesaid article in Space/Aeronautics 
86 subtract. Thus when an RF signal is received from a magazine, may be utilized for synchronous motor drive. 
fixed ground station along RF signal axis 38 the total 5o Other radiating elements than the collinear array of half- 
signal is processed through sum channel 84 to provide wave dipoles shown may be utilized to provide the desired 
the desired communications link. When the attitude of field beam pattern in the may vertical be utilized plane, to and collimate other reflectors the beam or in 

symmetrical with respect to R F  signal axis 38, no error within the scope of the appended claims the invention 
being cancelled in error channel 86. When the attitude 
of satellite 10 deviates from a prescribed orientation in What is claimed as new and desired to be secured by 
the e plane an error signal, as a vector quantity, is pro- 
duced in error channel 86 which may be supplied to the 1. A communication satellite comprising: a spacecraft 
satellite stabilization system or telemetered to a ground 60 adapted to about an axis; at least one Primary an- 
command station so that corrective action may be taken. tenna fixed to said Spacecraft, said primary antenna in- 

FIGURES 7 and 8 show a further embodiment wherein cluding at least one radiating element disposed coexten- 
antenlla system 20 may be lnodified to provide attitude sive with said axis; collimating means positioned radially 
sensing in both the 0 (vertical) and the + (horizontal) from said radiating element and adapted to rotate about 
planes. To this end additional radiating elements are 65 said axis; and drive means for rotating said collimating 
vided for one or more channels of a selected frequency means at substantially the same angular velocity and in 
and are positioned on either side of the primary antennas the opposite direction as the spin of said spacecraft. 
extending along the spin axis of satellite 10. These addi- 2. A communication satellite camprising: a spacecraft 
tional radiating elements may be structurally similar to adapted to spin around an axis; at least one primary an- 
elements 24a and 246 discussed in conjunction with the 70 tenna fixed to said spacecraft, said primary antenna in- 
previous figures, and may be secured as an assembly to cluding at least one radiating element disposed coex- 
center mast 22 as shown in FIGURE 7. For the purpose tensive with said axis; collimating means positioned 
of illustration, the elements corresponding to radiating radially from said radiating element and adapted to ro- 
elements 24a and 24b in the previous figures are indicated tate about said axis; drive means for rotating said coni- 
by El and Ea in FIGURE 7, and the additional radiating 75 mating means at  substantially the same angular velocity 

plane is indicated by 

in the e plane is such that lobes El and E2 are the azimuth plane. It is therefore to be understood that 

signal is produced, the contributions of lobes El  and E2 55 may be practiced otherwise than specifically set forth. 

Letter Patent Of the United States is: 
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and in the opposite direction as the spin of said space- ing in combination: at least one antenna array fixed to 
craft; and ejection means for jettisoning said collimating said space vehicle, said antenna array including radiating 
means from said spacecraft. elements extending coextensive with the spin axis of said 

3. A communication satellite comprising: a spacecraft space vehicle and adapted to provide a field pattern di- 
adapted to spin about an axis; at least one primary an- 5 rective in a plane parallel to said spin axis; collimating 
tenna fixed to said spacecraft, said primary antenna in- means positioned radially from said radiating elements and 
cluding at least one radiating element disposed coexten- adapted to rotate about said spin axis, said collimating 
sive with said axis and adapted to provide a field pattern means collimating said field pattern in a plane perpendicL1- 
directive in a plane parallel to said axis; collimating lar to said spin axis; drive means for rotating said calli- 
means positioned radially from said radiating element mating means at substantially the same angular velocity 
and rotatable about said axis, said collimating means and in the opposite direction as the spin of said space ve- 
adapted to  collimate said field Pattern in a Plane Perpen- hicle; first circuit means coupled to said antenna array for 
dicular to  said axis; drive means for rotating said colli- combining signal components therefrom to produce a first 
mating means about said axis in a direction opposite to signal for communication between said remote point and 
the spin Of said spacecraft; and Control means synchroniz- 15 said space vehicle; and second circuit means coupled to 
ing the speed of rotation of said collimating means with said radiating elements for combining signal components 
the spin of said spacecraft. therefrom to produce a second signal indicative of the 

4. The communication satellite defined in claim 3 and attitude of said spin axis with respect to said radio fie- 
wherein said primary antenna includes a plurality of COl- quency signal axis extending between said space vehicle 
linear radiating elements, each said radiating element be- 2o and said remote point. 
ing a discrete radiator equivalent to a line source aper- 13. The antenna system defined in claim 12 and wherein 
ture. said drive means includes a turntable adapted t o  rotate 

5. The communication satellite defined in claim 3 and about said axis, with said collimating being mount- 
including a plurality of primary antennas each operable ed on said turntable. 
at a different frequency. 14. The antenna system defined in claim 13 and wherein 

6. The communication satellite defined in claim 3 and said drive means further includes an electric motor for 
wherein said collimating means includes a cylindrical para- rotating said turntable, iwith the speed of said motor being 
bolic reflector positioned on one side of said radiating ele- with the spin of said spacecraft by said 
ment and parasitic radiators positioned on the opposite control means. 
side of said radiating element, said reflector and said para- 30 and wherein 
sitic radiators being mechanically joined to  rotate as a said control 

telemetered from a remote point advance and retard the unitary structure about said radiating element. 
'7. The communication satellite as defined in claim 6 rotor positioning of said motor relative to said radio fie- 

and wherein said drive means includes a split turntable quency signal axis. 
adapted to  rotate about said axis with said cylindrical 35 16. In a space spinning about an axis, an an- 
parabolic reflector and said parasitic radiators being tenna system for providing a unidirectional field pattern mounted on different halves of said split turntable, said for communication with a remote point and for determin- 
ejection means being adapted to simultaneously jettison ing the attitude of said spin axis with respect to a radio 

frequency signal axis extending between said space ve- both halves of said split turntable from said spacecraft. 
8. A communication satellite comprising: a spacecraft 40 hicle and said remote point, said antenna system includ- 

adapted to spin about an axis; at least one primary an- ing in combination: at least one antenna array fixed to  
tenna fixed to said spacecraft, said primary antenna in- said space vehicle, said antenna array comprising at least cluding at least one radiating element disposed coexten- 
sive with said axis and adapted to a field pattern two radiating elements extending coextensive with the spin 

axis of said space vehicle and adapted to provide a field directive in a plane parallel to said axis; collimating means positioned radially from said radiating element and rotat- 45 pattern directive in a plane parallel to said spin axis; colli- 
able about said axis, said collimating adapted to mating means positioned radially from said radiating ele- 
collimate said field pattern in a plane perpendicular to ments and adapted to  rotate about said spin axis, said 
said axis; drive collimating means collimating said field pattern in a plane 
about said axis in a direction opposite to the spin of said perpendicular to said spin axis; drive means for rotating 
spacecraft; control means for synchronizing the speed of 50 said collimating means at substantially the Same angular 
rotation of said collimating with the spin of said velocity and in the opposite direction as the spin of said 
spacecraft; and ejection for jettisoning said calli- space vehicle, first circuit means coupled to said radiat- 
mating means from said spacecraft. ing elements for combining signal components therefrom 

9. The communication satellite as defined in claim 8 to produce a first signal for communication between said 
and wherein said drive means includes a turntable adapted 65 remote Point and said space vehicle; and second circuit 
to rotate about said =is, with said collimating means coupled to said radiating elements for combining 
being mounted on said turntable, said ejection means be- signa1 components therefrom to produce a second signal 
ing adapted to jettison said turntable from said spacecraft. indicative Of the attitude of said space vehicle in a plane 

10. The communication satellite as defined in claim 9 Parallel to said spin axis* 
and wherein said drive means further includes an electric 60 17. In a space vehicle spinning about an axis, an anten- 
motor for rotating said turntable, with the speed of said na system for providing a unidirectional field Pattern for 
motor being synchronized with the spin of said spacecraft communication with a remote point and for determining 
by said control means. the attitude of said spin axis with respect to a radio fre- 

PI. The communication satellite defined in claim 10 quency signal axis extending between said space vehicle 
and wherein said control means is responsive to  a corn- 65 and said remote point, said antenna system including in 
mand signal telemetered from a remote ground command combination: at least one antenna array fixed to said 
station to advance and retard the rotor positioning of said space vehicle, said antenna spray comprising at least two 
motor relative to a radio frequency signal axis perpendicu- radiatiing elements extending coextensive with the spin 
lar to the spin axis of said spacecraft. axis of said space vehicle and adapted to  provide a field 

12. In a space vehicle spinning about an axis, an an- 70 pattern having directivity in a plane parallel to said spin 
tenna system for providing a unidirectional field pattern axis; collimating means positioned radially from said 
for communication with a remote point and for determin- radiating elements and adapted to rotate about said spin 
ing the attitude of said spin axis with respect to  a radio axis, said collimating means collimating said field pattern 
frequency signal axis extending between said space ve- in a plane perpendicular to said spin axis; drive means for 
hicle and said remote point, said antenna system includ- 75 rotating said collimating means about said spin axis in 

25 

The antenna system defined in claim 
is responsive to a command 

for rotating said collimating 
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B direction opposite to the spin of said space vehicle; 
control means for synchronizing the speed of rotation of 
said collimating means with the spin of said space vehicle; 
ejection means for jettisoning said collimating means from 
said space vehicle; first circuit means coupled t o  said 
radiating elements for combining signal components there- 
from to produce a first signal for communication between 
said remote point and said space vehicle; and second cir- 
cuit means coupled to  said radiating elements for com- 
bining signal components therefrom to produce a second 
signal indicative of the attitude of said space vehicle in 
a plane parallel to said spin axis. 

18. The antenna system defined in claim 17 and wherein 
said collimating means includes a cylindrical parabolic re- 
flector positioned on one side of said radiating elements 
and parasitic radiators positioned on the opposite side of 
said radiating elements, said cylindrical parabolic reflector 
and said parasitic radiators being mechanically joined to 
rotate as a unitary structure about said radiating elements. 

19. The antenna system defined in claim 18 and wherein 
said drive means includes a split turntable adapted to 
rotate about said spin axis, with said cylindrical parabolic 
reflector and said parasitic radiators being mounted on 
different halves of said split turntable, said ejection means 
being adapted to simultaneously jettison both halves of 
said split turntable from said space vehicle. 

20. The antenna system defined in claim 19 and wherein 
said drive means further includes an electric motor for 
rotating said turntable, with the speed of said motor being 
synchronized with the spin of said space vehicle by said 
control means. 

21. In a space vehicle spinning about an axis, an an- 
tenna system for providing a unidirectional field pattern 
for communication with a remote point and for deter- 
mining the attitude of said spin axis with respect to a 
signal axis extending between said space vehicle and said 
remote point, said antenna system including in combina- 
tion: a t  least one antenna array fixed to said space vehicle, 
said antenna array comprising first radiating elements posi- 
tioned coextensive with the spin axis of said space vehicle 
and the second and third radiating elements positioned on 
opposite sides of said first radiating elements; collimating 
means positioned radially from said antenna array and 
adapted to rotate about said spin axis; drive means for 
rotating said collimating means at the same angular 
velocity and in opposite direction as the spin of said 
space vehicle; first circuit means coupled to said antenna 
array for combining signal components therefrom to pro- 
duce a sum signal for communication between said remote 
point and said space vehicle; second circuit means COU- 
pled to selected radiating elements of said antenna array 
for combining signal components therefrom to provide a 
difference signal indicative of the attitude of said space ve- 
hicle in a plane parallel to said spin axis; and third circuit 
means coupled to selected radiating elements of said an- 
tenna array for combining signal components therefrom to 
produce a difference signal indicative of the attitude of said 
space vehicle in a plane perpendicular to said spin axis. 
22. In (a space vehicle spinning about an axis, an an- 

tenna system for providing a unidirectional field pattern 
for communication with a remote point and for deter- 
mining the attitude of said spin axis with respect to a sig- 
nal axis extending between said space vehicle and said 
remote point, said antenna system including in combina- 
tion: a t  least one antenna array fixed to said space vehicle, 
said antenna array comprising first radiating elements 
positioned coextensive with the spin axis of said space 
vehicle and second and third radiating elements positioned 

on opposite sides of said first radiating elements; collimat- 
ing means positioned radially from said antenna array 
and adapted to rotate about said spin axis; drive means 
for rotating said collimating means about spin axis a direc- 

6 tion opposite to the spin of said space vehicle; control 
means for synchronizing the speed of rotation of said 
collimating means with the spin of said space vehicle; 
ejection means for jettisoning said collimating means from 
said space vehicle; first circuit means coupled to said 

10 antenna array for combining signal components there- 
from to produce a sum signal for communication between 
said remote point and said space vehicle; second circuit 
means coupled to  selected radiating elements of said 
antenna array for combining signals components there- 

15 from to produce a difference signal indicative of the atti- 
tude of said space vehicle in a plane parallel to said spin 
axis; and third circuit means coupled to selected radiating 
elements of said antenna array for combining signal com- 
ponents therefrom to produce a difference signal indica- 

20 tive of the attitude of said space vehicle in a plane per- 
pendicular to  said spin axis. 

23. The antenna system defined in claim 22 and wherein 
said collimating means includes a cylindrical parabolic 
reflector positioned on one side of said radiating elements 

25 and parasitic radiators positioned on the opposite side 
of said radiating elements, said cylindrical parabolic re- 
flector and said parasitic radiators being mechanically 
joined to rotate as a unitary structure about said radiating 
elements. 

24. The antenna system defined in claim 23 and where- 
in said drive means includes a split turntable adapted to  
rotate about said spin axis, with said cylindrical parabolic 
reflector and said parasitic radiators being mounted on 
different halves of said split turntable, said ejection means 

35 being adapted to simultaneously jettison both halves of 
said split turntable from said space vehicle. 

25. The antenna system defined in claim 24 and where- 
in said drive means further includes an electric motor for 
rotating said turntable, with the speed of said motor being 

4o synchronized with the spin of said space vehicle by said 
control means. 
26. In a satellite adapted to spin about an axis, radiat- 

ing means for communicating with a remote body, radiant 
energy collimating means cooperating with said radiating 

45 means rotatable with respect to said axis, and means for 
rotating said collimating means at substantially the same 
angular velocity and in the opposite direction as the spin 
of said satellite. 

27. The combination of claim 26 wherein said radiating 
6o means has its electrical center coextensive with said spin 

28. The combination of claim 27 wherein said col- 

29. The combination of claim 28 and including at 
86 least one parasitic radiator offset from said radiating 

means opposite to said collimating means. 
30. The combination of claim 26 and further including 

control means for synchronizing the rotational speed of 
said collimating means with the spin of said satellite. 

31. The combination of claim 26 wherein said oollimat- 
ing means directs a beam of radiant energy perpendicular 
to said spin axis. 

References Cited 

3,188,639 6/1965 Cook et  al. _ _ _ _ _ _ _ _ _  343-100 

30 

axis. 

limating means is offset from said spin axis. 
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